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showed a more balanced pattern in the other mesograzer species. Stable carbon data and fatty 36 acid composition strongly suggested that epiphytic algae were the primary source of organic 37 matter for mesograzers in late spring and autumn. In summer sand microflora and for the 38 amphipod Gammarus oceanicus red algae were of greater importance as carbon sources. 39
Stable nitrogen values indicated that the degree of carnivory was size-dependant in both 40 studied omnivorous crustacean species; larger individuals generally occupied a higher trophic 41 Whatmann GF/F filters. All consumer species were kept alive overnight in filtered sea water 141 to clear their guts and then rinsed with distilled water. Samples for the fatty acids analysis 142 were deep-frozen at -80 0 C until further processing. Samples for stable isotope analyses were 143 dried to constant weight (60 0 C, 48 h), plant and animal samples were ground with an agate 144 mortar and pestle as fine as possible and then stored in airtight plastic vials. The shells of the 145 gastropods were discarded as far as feasible before this procedure. Mesograzer were 146 processed as whole organisms and only muscle tissue was analysed for predators. Filters were 147 stored in a dissicator. The sediment cores were deep-frozen, the top 0.5 cm was cut off, and 5 148 at a time were pooled to one sample. Visible detritus was manually removed and the sediment 149 samples were carefully rinsed with 0.2 µm filtered sea water. Observations with a dissecting 150 microscope before and after the cleaning procedure showed the successful removal of 151 unwanted material. The samples were then dried to constant weight (60 o C, 48 h) for stable 152 isotope analysis or deep-frozen for fatty acid analysis.size were measured, with the exception of the small gastropod R. membranacea; here ten 156 individuals respectively were pooled into three samples to obtain enough material for the 157 analyses. Five individuals of each predator species were analysed. 158
Eelgrass and algae subsamples were transferred into tin cups. The mesograzer subsamples 159 were transferred into silver cups, treated with 0.2µl 10% HCl to remove carbonates and then 160 dried again. Statistics. Fatty acid data of mesograzers were log-transformed and subjected to non-metric 218 multi-dimensional scaling using the program package PRIMER 5.0. Calculations for fatty 219 acid signatures were only performed for fatty acids represented with at least one value above 220 1%. A 1-way ANOSIM with 999 permutations was used to test for differences in the fatty 221 acid composition of the studied mesograzer species. 222
The seasonal differences in stable isotope values for primary producers and consumers were 223 analysed with 1-way ANOVAs followed by a Tukey-test (P < 0.05). The differences between 224 primary producers, respectively mesograzer species and size, and the influence of seasonality 225 and the interaction between these factors were tested with 2-way factorial ANOVAs. 226
The variation in the trophic position of the omnivorous species I. baltica and G. oceanicus 227 was tested with seasonality and size as factors in a 2-way factorial ANOVA. 
RESULTS

233
Biomarker fatty acids in main mesograzer species 234
Throughout the year (Fig. 2) , the biomarker fatty acid for eelgrass 18:4(n-3) was present in 235 only insignificant amounts in I. baltica (≤ 2.8%). 20:4(n-3) the biomarker fatty acid for red 236 algae occurred in small amounts (≤ 7.4%) displaying the highest values in October and 237
December. Fatty acids characteristic for diatoms (16:1(n-7), 20:5(n-3)) were more 238 pronounced in spring and in early summer than in the rest of the year. The fatty acids 18:1(n-239 9) and 18:1(n-7), typical of animals and aerobic bacteria respectively were found in relative 240 constant amounts in both size classes with exception of April. In this month 18:1(n-9) showed 241 the highest values in large I. baltica (31.8%) and the lowest in small I. baltica (7.4%). In 242 contrast, the bacteria biomarker fatty acid 18:1(n-7) was observed at high levels in small I. 243 baltica (28.4%). Small G. oceanicus contained relatively similar amounts of biomarker fatty 244 acids as small I. baltica, but no 18:4(n-3) characteristic for eelgrass was present. In winter the 245 amount of 20:4(n-3) nearly reduplicated (red algae). 246
In R. membranacea the levels of biomarker fatty acids for diatoms were highest in spring, 247 declined during the summer and increased again in autumn. The fatty acid 18:1(n-7) (bacteria) 248 increased from May to August (0.2 to 12.1%) and remained on this level until December. 249
Fatty acids typical for eelgrass and red algae were found in small amount throughout the year. 250
Until December, L. littorea showed the same pattern concerning these two biomarker fatty 251 acids, but in January an increase in 20:4(n-3) occurred (red algae). The amounts of fatty acids 252 characteristic for diatoms and bacteria were lower in spring and early summer than in autumn 253 and winter. 254
The fatty acid signatures of all mesograzers were subjected to non-metric multi-dimensional 255 scaling (MDS) and an ANOSIM to evaluate similarities. The MDS-plot showed differences in 256 the fatty acid composition of the studied species and the fatty acid composition of single 257 species varied with the time of the year ( The ANOSIM verified that there are significant differences between the fatty acid 267 composition of the studied mesograzers (R = 0.611, P = 0.001). Table 1 shows the results of 268 the pairwise tests indicating that all mesograzer species can be separated by their fatty acid 269 composition with the exception of small and big I. baltica. 270
271
Stable isotope ratios of primary producers 272
We found significant effects of seasonality (MS = 40.9, F = 45.3, P < 0.001) and primary 273 producer type (MS = 6304.9, F = 6981.1, P < 0.001) on stable carbon isotope ratios. The 274 interaction of the two factors was also significant (MS = 9.8, F = 10.9, P < 0.001). 275
Three primary producers were important as carbon sources for the studied consumers: 276 epiphytes attached to Zostera marina, sand microflora and the red alga Delesseria sanguinea. 277
Epiphytes and sand microflora mainly consisted of small pennate diatoms. The stable carbon 278 isotope ratios of epiphytes, sand microflora and D. sanguinea were significantly different 279 from each other (P <0.001) and therefore it was possible to calculate their relative importance 280 as food sources at higher trophic levels. Epiphytes were the most enriched carbon source, the 281 red algae the most depleted carbon source and sand microflora showed intermediate values 282 (Fig. 4A) . In December the δ 13 C value for epiphytes was essentially identical with the value 283 for sand microflora. For epiphytes the δ 13 C values remained relatively constant from May to 284 September, for sand microflora and the red alga from April to October (Fig. 4A) . In winter all 285 three primary producers were depleted in 13 C compared to the spring and summer situation. 286
The stable nitrogen isotope ratios had a significant seasonal variation (MS = 3.8, F = 8.5, P < 287 0.001) and depended on the primary producer type (MS = 30.4, F = 67.9, P < 0.001). The 288 interaction of the two factors was also significant (MS = 14.1, F = 31.4, P < 0.001). 289
The stable nitrogen values of primary producers ranged from 5.77 to 11.67‰ in epiphytes, 290 from 2.38 to 6.47‰ in sand microflora and from 7.69 to 11.65‰ in the red alga D.sanguinea 291 (Fig. 4B) We found significant effects of seasonality (MS = 35.2, F = 57.8, P < 0.001) and grazer 297 species (MS = 80.5, F = 132.3, P < 0.001) on stable carbon isotope ratios. The interaction of 298 the two factors was also significant (MS = 22.1, F = 36.3, P < 0.001). 299
The development of stable carbon isotope ratios of small and big I. baltica showed an even 300 pattern for both size classes with low values in April and July and for small specimen also in 301 winter (Fig. 5) . The δ 13 C signals of small I. baltica were significantly lower than found in the 302 larger specimen (P < 0.001), suggesting a larger amount of red algae in their diet. The δ 13 C 303 values of G. oceanicus had a larger range than I. baltica. There were significant differences 304 between size classes (P = 0.006). The δ 13 C values indicated that large G. oceanicus depended 305 more on red algae-derived carbon in summer than smaller ones, whereas the situation was 306 reversed in winter. 307
The δ 13 C values of R. membranacea remained at the same level from April to July, 308 decreased to a minimum in August and increased again in autumn (Fig. 5) . The range of δ 13 C 309 values in L. littorea was generally lower than in R. membranacea with exception of the month 310
May suggesting that this gastropod feeds mainly on epiphytes in this month. 311 Stable nitrogen isotope ratios had a significant seasonal variation (MS = 3.5, F = 32.7, P < 312 0.001), but a weaker one than the δ 13 C values, and depended on the mesograzer species (MS 313 = 14.4, F = 135.7, P < 0.001). The interaction of the two factors was also significant (MS = 314 0.9, F = 8.1, P < 0.001). 315
The stable nitrogen isotope ratios of the omnivorous isopod I. baltica ranged from 8.3 to 316 10.65‰ (Fig. 5 ). Larger specimen generally had significantly higher δ 15 N values than smaller 317 ones indicating a more carnivorous diet (P < 0.001). Both size classes had significantly lower 318
15 N values in summer pointing to a more herbivorous diet in this season (Fig. 5) . The seasonal 319 variation in stable nitrogen values of the likewise omnivorous amphipod G. oceanicus showed 320 a similar, but less strongly pronounced pattern than I. baltica. The δ 15 N values were higher in 321 the larger specimen; the difference was significant (P < 0.001). Significant lower stable 322 nitrogen ratios in both amphipod size classes were found in summer (Fig. 5) . In all seasons epiphytes and sand microflora were most likely to substantially contribute to 331 mesograzer nutrition (mean overall seasons and species 49% and 37%, respectively), while 332 the red alga D. sanguinea had a lower contribution (mean 14%) (Fig. 6 ). Epiphytes were the 333 most important contributors to I. baltica carbon (45% in small specimen, 47% in larger ones). 334 30%, respectively) and increased again in autumn (Fig. 6) . The diet of G. oceanicus consisted 336 of about 30% epiphytes in spring and summer. The contribution of this carbon source 337 increased in autumn up to 64% for small and 68% for larger specimen, respectively. 338
Throughout the growing season epiphytes were the most important contributors to R. 339 membranacea nutrition (Fig. 6) . In summer the relative contribution of this primary producer 340 decreased to 45%. L. littorea obtained about 40% of its carbon from epiphytes with exception 341 of the month May, where the contribution nearly doubled to 77% epiphyte derived carbon. 342
Sand microflora increased as carbon source when epiphytes became less important (Fig. 6) . 343
Red algae seem to be of minor importance for most of the studied mesograzers (Fig. 6) All studied small predator species the green crab (Carcinus maenas), the shrimp (Crangon 363 crangon), the sea stickleback (Spinachia spinachia), the straightnose pipefish (Nerophis 364 ophidion) and the broad-nosed pipefish (Syngnathus typhle) had a significant seasonal 365 variation in their δ 13 C values (Fig. 8) . 366
All predators depended mainly on epiphyte carbon ranging from 39% annual mean for the 367 broad-nosed pipefish to 53% for the green crab (Fig. 9) . Sand microflora was the second 368 important carbon source ranging from 35 to 45% annual mean contribution. Red algae were 369 less crucial as carbon source (annual mean 12-16%). The seasonal variation in the dependence 370 on epiphyte carbon, we found in mesograzers with a summer minimum, was also found for 371 the green crab and the straightnose pipefish. The broad-nosed pipefish had a more balanced 372 contribution of this carbon source to its diet and the stickleback showed an increase in 373 dependence on epiphyte carbon in autumn, in spring we didn't find this species in our study 374 area. In general, the seasonal variation of carbon sources was less pronounced in predators 375 than in mesograzers. 376
377
DISCUSSION 378
This study suggests that epiphytes were the most important carbon source of common 379 mesograzers and small predators in a subtidal eelgrass community throughout the year. 18:4(-n-3) and red algae 20:4(n-6) were only found in low amount throughout the year. 405
The periwinkle L. littorea had a strong dependence on epiphyte carbon in May. The rest of 406 the year, this species mostly fed on sand microflora according to stable isotope data. Red 407 algae seem to be of minor importance, but in December, when Delesseria sanguinea, which 408 grows mainly below the eelgrass meadows, is more often found in the eelgrass meadow (own 409 observations), the biomarker fatty acid for red algae in L. littorea increased. The total fatty acid composition of the four mesograzers supported the species-specific and 436 seasonal variability in nutrition in the studied eelgrass system. 437
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